We assessed the feasibility and diagnostic accuracy of Internet-based telepathology compared with conventional microscopic examination. A total of 96 cases from the routine workload of the Department of Pathology at the Mulago Hospital in Uganda were examined by robotic telemicroscopy via the Internet at the Fuerth Hospital in Germany. The telepathology diagnoses were compared with those of conventional microscopy. Email and Skype telephony were used to exchange clinical and diagnostic information. The reference diagnosis (gold standard) was established by consensus between two or more experienced pathologists using both conventional microscopy and telemicroscopy; immunohistochemistry was used whenever it was necessary. It took approximately 30 min for a pathologist to learn to use the telepathology system and 4-25 min to read a case remotely. Internet speed was the main limiting factor. The images were of good quality and the pathologist at the remote site was able to navigate through the slide and change the magnification as necessary. In 92 of the specimens (97%), the pathologists at the two hospitals agreed exactly about the diagnosis. Agreement overall was moderate (kappa ¼ 0.39). The discordant diagnoses were attributed to factors related to diseases morphologically difficult to diagnose, such as soft tissue sarcomas and primitive tumours. Internet-based conferencing systems offer an inexpensive method of obtaining a primary diagnosis by telepathology and consulting on cases that require subspecialty expertise.
Introduction
Uganda has very few pathologists, and because of this, specialization is usually impossible. It takes an average of 14 days to send a specimen block to Germany and receive the results by email. Telepathology might therefore be a valuable alternative. A pilot trial of static telepathology practised on smears in a rural hospital in Uganda yielded some positive results, as evidenced by a reduced turnaround time, although the quality of the images was poor. 1 A feasibility study of dynamic active telepathology using the Nikon Coolscope was conducted in South Africa over the National Health Laboratory service network. All users assessed the system as a helpful tool which allowed easy access to cases needing a consultation or second opinions. The quality of images was very good. Their experience with the Nikon Coolscope was positive. 2 Telepathology allows microscopic diagnosis via high-quality images viewed on a video monitor in contrast to conventional light microscopy viewed directly with the naked eye through a microscope. 3 It allows physical separation between the sites where the specimen is processed and where the diagnosis or consultation is rendered. Dynamic (i.e. realtime) telepathology allows the physician at the remote location to manipulate the slide on the microscope stage at the initiating location, thereby giving him or her control over what is viewed, rather than being shown selected images by the physician at the initiating site. 4 -6 Initial concerns about diagnostic accuracy and image quality have led to improvements in telepathology technology. Images for telepathology can be delivered to the remote site in several ways:
(1) Store-and-forward static imaging; 4 (2) Dynamic (robotic) imaging;
(3) Hybrid dynamic/static imaging; 7 (4) Virtual microscopy, a method of posting microscope images on a computer network to allow viewing by people in different locations; 8 The types of services provided to the remote site include primary diagnosis, consultations with an expert, quality assurance, proficiency testing and education. 8 -12 Although dynamic telepathology has been successfully implemented in several industrialized countries, it does not yet appear to have been used between developing countries and industrialized countries. The present study was undertaken to assess the feasibility and accuracy of dynamic telepathology between pathologists at the Mulago Hospital in Uganda and the Fuerth Hospital in Germany.
Methods
Between January 2007 and April 2008, routinely stained sections from surgical pathology specimens from different organs were randomly selected from the routine diagnostic workload of the Mulago Hospital. The sections were analysed by conventional microscopic examination at the Mulago Hospital, and telemicroscopically at the Fuerth Hospital in Germany. Paraffin sections were prepared according to standard procedures. Tissue specimens obtained at surgery were fixed in 10% formalin and embedded by routine histopathology processing. Four-micrometer sections were cut, stained with haematoxylin and eosin, and mounted. Usually two experienced pathologists at the Mulago Hospital together with remote telepathologists, and where necessary additional tests like immunohistochemistry, established a diagnosis through consensus.
The pathologists at the Mulago Hospital made a diagnosis based on all available clinical information and examination of the microscopic sections. Then the remote pathologist was notified that a case was available for viewing. The remote pathologist was apprised of the clinical information, details of the gross examination of the specimen and then had control of the robotic system to view the slide to establish a diagnosis. Cases were later reviewed to determine the reasons for discordant telepathology diagnosis.
We used a telemicroscopy system (Coolscope, Nikon) in which sections on a computerized digital microscope at the initiating laboratory were remotely controlled by the pathologist at the second laboratory. The Coolscope incorporates a digital microscope, a digital camera and web server capabilities in a single package. Everything, from observation through image capture to data communications over the network, is operated by a series of simple mouse clicks. Once the glass slide is set, bright-field images can be viewed on the monitor. Focus and brightness can be adjusted automatically or manually. A controller enables operation similar to an actual microscope. The dynamic images of the Coolscope are available to the telepathologist via an Internet browser. The major advantage is that any pathologist with access to the Internet can provide a primary diagnosis or give a second opinion. 13 -15 Feasibility The pathologist at the Mulago Hospital placed the slide of interest on the Coolscope and initiated a videoconferencing session with the remote pathologist using Skype. The two pathologists could simultaneously view the same images on their respective computer monitors. Although the system allowed the pathologists to talk to each other as they explored the images on their respective monitor screens, in the present study the service was not used to discuss the pathological diagnosis of the specimens, as this would have biased the remote pathologist.
Assessment of feasibility was done by recording the length of time it took for images to be transmitted (Internet speed), turnaround time (from the time of biopsy until the time the results were ready) and image quality. The image quality was considered good if it was uniform and easily readable, and poor if the image quality did not allow the slide to be confidently diagnosed. Feasibility was assessed as good if the remote pathologist could adjust focus and magnification without difficulty and poor if they could not.
Accuracy
Light microscopy occasionally assisted by ancillary tests like immunohistochemistry was used as the gold standard for diagnosis. When necessary, tissue blocks were sent to Germany to enable the pathologists to look at cases using light microscopy and immunohistochemistry in order to establish a gold standard. Cases were also discussed at the Mulago Hospital using a light microscope in the local slide seminars. The diagnosis eventually agreed on was the gold standard.
Analysis
Data were entered into a management program (EpiData version 3.1, EpiData Association, Odense, Denmark) and analysed using a statistical package (SPSS version 11 for Windows). We compared agreement on the pathological diagnoses of the specimens between pathologists in the two hospitals using the kappa statistic.
Results
A total of 96 consecutive specimens representing disease conditions from 16 different organ systems were selected for the study (see Table 1 ).
It took about 30 min for the pathologists to learn how to operate the system and become comfortable with manipulating the robotic connection. The pathologists thought that the system was easy to operate. It took 4 -25 min to perform the telepathology procedure depending on the Internet speed and complexity of the case. The quality of the images as reported by the pathologist at the remote centre was good, and the remote The pathologists at both hospitals independently read all specimens. In 92 of the specimens (97%), the pathologists at the two hospitals agreed exactly about the diagnosis. The agreement overall was moderate (kappa ¼ 0.39). The discordant diagnoses were attributed to factors related to diseases morphologically difficult to diagnose, such as soft tissue sarcomas and primitive tumours ( Table 2) .
Some slides were of poor quality ( poor smear preparation, tissue sectioning and staining), which hampered general interpretation as well as preventing the auto focus capability of the microscope from working. In some cases ancillary tests which were critical to diagnosis were not available, e.g. special stains to identify organisms, or stains to identify tumour type. The smaller the specimen was, the easier it was to look at all the material on the slide and make a diagnosis. Another frequent problem limiting the diagnostic capability of the consultant pathologist was the absence of supporting clinical data, laboratory data and molecular studies.
Discussion
The present study demonstrates that telepathology using the Internet-based Coolscope can offer a quick and relatively accurate method for pathology diagnosis in a developing country. In 92 out of 96 cases the pathologists at the Mulago Hospital were in agreement with the diagnosis made by the pathologist at the remote site in Germany.
On average, it took 10 min to perform the telepathology procedure. Dynamic telepathology and videoconferencing were performed with relative ease using the Coolscope and Skype. The Skype software also allowed the user to transfer files and send text messages. The findings from the present study reveal that diagnostic accuracy is similar to that obtained by light microscopy. The discordant diagnoses were attributed to factors related to diseases that were morphologically difficult to diagnose.
The Internet has been used in previous telepathology studies, 14,16 -18 but most studies have used static images because these are generally of higher visual quality and require lower transmission bandwidth than do dynamic images transmitted in realtime. However, static-image telepathology is hindered by the possibility of sampling error related to inadequate or inappropriate selection of microscopic fields for imaging by the referring pathologist. Dynamic telepathology systems using robot microscopes are potentially more useful, because they allow the remote pathologist to visualize all materials on a particular slide using variable magnification and thus achieve higher diagnostic accuracy. Videoconferencing systems linked by point-to-point connections have been used for telepathology in other laboratories. 18, 19 Studies done by Leong et al. in Oxford showed that robotic telepathology is accurate for primary diagnosis in pulmonary histopathology, but modifications in laboratory protocols and telepathology technology would be necessary to make telepathology usable in a busy referral practice. 20 Pathology videoconferencing systems, a TV phone system and the Internet have been used to transmit still and realtime images between the Armed Forces Institute of Pathology in Washington, DC and the National Cancer Institute in Tokyo. Twenty cases of varying histology were transmitted, and the authors concluded that the system provided an effective method for exchanging pathology information. 8, 19 Telepathology can be used for remote primary diagnosis, referral to a specialist pathologist, teaching, presentation of post-mortem or microscopic findings, quality assurance image circulation and feedback, and consensus diagnosis for pathological review in clinical trials.
Dynamic telepathology is a sophisticated technique allowing the viewing pathologist to have remote control of a microscope at a distant site. Slides can be viewed in their entirety at various magnifications derived from a high resolution scan of the slide and the images displayed on the Internet browser are a complete representation of the actual glass slide. Thus telepathology can provide a frozen section service and second opinion consultation in sites where there is only limited availability of a pathologist. 21 The main advantage of using the Internet is that it is accessible to everybody, so that any pathologist may become a consultant in telepathology. This contrasts with previous closed systems, which offered communication between fixed workstations. This technique has now received extensive attention and widespread acceptance. However, its diagnostic efficiency and accuracy have not previously been evaluated in Uganda. The development of telepathology for consultation is of relevance to Uganda, not only to support consultations with super-specialized centres outside the country but also between the local pathology laboratories. It has also been shown previously 21 that diagnosis using the Coolscope robotic microscope becomes equivalent to conventional microscopy after several years of use, so it is possible that our diagnostic accuracy could improve from that which we identified in the present study.
Limitations
The main problems with telepathology in our study were pre-analytical in nature, and included poorly sectioned, stained and mounted sections, and lack of ancillary tests like special stains and immunohistochemistry, especially for poorly differentiated tumours such as sarcomas and primitive tumours. Lymphomas are very difficult to analyse without immunohistochemistry. Careful attention to pre-analytic factors with improved technical training and use of special stains like immunohistochemistry would probably improve diagnosis by telepathology. Another frequently observed problem was the absence of supporting clinical data, laboratory data and molecular studies, and this limited the diagnostic ability of the consultant pathologist. When available, such data would also improve diagnostic accuracy in telepathology.
Other limitations were related to the technology itself. Although in industrialized countries the Internet is almost ubiquitous and relatively cheap, in the developing world its use is still expensive, it is unreliable and only low bandwidth is available. These problems are likely to be overcome in the next few years.
In summary, the results of our study show that the use of telepathology for primary diagnosis and consultation in a wide variety of surgical pathology specimens is feasible, with good concordance between pathologists in a developing and an industrialized country. Internet-based conferencing systems offer an inexpensive method of obtaining a primary diagnosis by telepathology and consulting on cases that require subspecialty expertise. In both instances, turnaround time is greatly improved, benefiting patients.
